Alcohol consumption, particularly heavier drinking, is an important risk factor for many health problems and, thus, is a major contributor to the global burden of disease. In fact, alcohol is a necessary underlying cause for more than 30 conditions and a contributing factor to many more. The most common disease categories that are entirely or partly caused by alcohol consumption include infectious diseases, cancer, diabetes, neuropsychiatric diseases (including alcohol use disorders), cardiovascular disease, liver and pancreas disease, and unintentional and intentional injury. Knowledge of these disease risks has helped in the development of lowrisk drinking guidelines. In addition to these disease risks that affect the drinker, alcohol consumption also can affect the health of others and cause social harm both to the drinker and to others, adding to the overall cost associated with alcohol consumption. These findings underscore the need to develop effective prevention efforts to reduce the pain and suffering, and the associated costs, resulting from excessive alcohol use. 
A lcohol consumption has been identified as an important risk factor for illness, disability, and mortality (Rehm et al. 2009b ). In fact, in the last comparative risk assessment conducted by the World Health Organization (WHO), the detrimental impact of alcohol consumption on the global burden of disease and injury was surpassed only by unsafe sex and child hood underweight status but exceeded that of many classic risk factors, such as unsafe water and sanitation, hyper tension, high cholesterol, or tobacco use (WHO 2009 ). This risk assessment evaluated the net effect of all alcohol consumption-that is, it also took into account the beneficial effects that alcohol consumption (primarily moderate consumption) can have on ischemic diseases 1 and diabetes Corrao et al. 2000; Patra et al. 2010; Rehm et al. 2004) . Although these statistics reflect the consequences of all alcohol consumption, it is clear that most of the burden associated with alcohol use stems from regular heavier drinking, defined, for instance, as drink ing more than 40 grams of pure alcohol per day for men and 20 grams of pure alcohol per day for women 2 (Patra et al. 2009; Rehm et al. 2004) . In addition to the average volume of alcohol consumption, patterns of drinkingespecially irregular heavydrinking occasions, or binge drinking (defined as drinking at least 60 grams of pure alcohol or five standard drinks in one sitting)-markedly contribute to the associated burden of disease and injury (Gmel et al. 2010; Rehm et al. 2004 ). This article first defines which conditions necessarily are caused by alcohol use and for which conditions alcohol use is a contributing factor. It then looks more closely at the most common disease risks associated with excessive alcohol use, before exploring how these risks have influenced guidelines for drinking limits. The article concludes with a discussion of the alcoholrelated risk of harm to people other than the drinker. 1 Ischemic diseases are all conditions that are related to the formation of blood clots, which prevent adequate blood flow to certain tissues. 2 In the United States, a standard drink usually is considered to contain 0.6 fluid ounces (or 14 grams) of pure alcohol. This is the amount of ethanol found in approximately 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of distilled spirits. However, many drinks, as actually poured, contain more alcohol. Thus, for example, a glass of wine often contains more than 5 fluid ounces and therefore may correspond to one and a half or even two standard drinks. (Samokhvalov et al. 2010d) . Overall, even though AUDs in themselves do not rank high as a cause of death glob ally, they are the fourthmost disabling disease category in low to middleincome countries and the thirdmost disabling disease category in highincome countries (WHO 2008) . Thus, AUDs account for 18.4 million years of life lost to disability (YLDs), or 3.5 percent of all YLDs, in low and middleincome countries and for 3.9 million YLDs, or 5.7 percent of all YLDs, in high income countries. However, AUDs do not affect all population subgroups equally; for example, they mainly affect men, globally representing the second most disabling disease and injury con dition for men. In contrast, AUDs are not among the 10 most important causes of disabling disease and injury in women (WHO 2008) .
Disease and Injury
Alcoholic liver disease and alcohol induced pancreatitis are other alcohol specific disease categories that are of global importance. However, no global prevalence data on these disease cate gories exist because they cannot be validly assessed on a global level. Thus, these conditions are too specific to assess using verbal autopsies and other meth ods normally used in globalburden ofdisease studies (Lopez et al. 2006;  pancreatitis can be estimated indirectly Rajaratnam et al. 2010) . Nevertheless, via the prevalence of alcohol exposure the prevalence of alcoholattributable and relative risk for the wider, unspecific liver cirrhosis and alcoholinduced disease categories ). • Infectious disease;
• Cancer;
• Diabetes;
• Neuropsychiatric disease;
• Cardiovascular disease;
• Liver and pancreas disease; and
• Unintentional and intentional injury.
For all chronic disease categories for which detailed data are available, those data show that women have a higher risk of these conditions than men who have consumed the same amount of alcohol; however, the dif ferences are small at lower levels of drinking ). The following sections will look at these disease categories individually.
Individual Disease and Injury Conditions Associated With Alcohol Use

Infectious Diseases
Although infectious diseases were not included in the WHO's comparative risk assessments for alcohol conducted in 2000 (Rehm et al. 2004 ) and 2004 (Rehm et al. 2009b) , evidence has been accumulating that alcohol consump tion has a detrimental impact on key infectious diseases (Rehm et al. 2009a , such as tuberculosis (Lönnroth et al. 2008; Rehm et al. 2009c ), infec tion with the human immunodefi ciency virus (HIV) (Baliunas et al. 2010; Shuper et al. 2010) , and pneu monia (Samokhvalov et al. 2010c ). In fact, recent studies Rehm et al. 2009a) found that the overall impact of alcohol consump tion on infectious diseases is substan tial, especially in subSaharan Africa.
One of the pathways through which alcohol increases risk for these diseases is via the immune system, which is adversely affected by alcohol consumption, especially heavy drink ing (Rehm et al. 2009c; Romeo et al. 2010) . As a result, although risk for infectious diseases does not differ greatly for people drinking less than 40 grams of pure alcohol per day compared with abstainers, this risk increases substantially for those who drink larger amounts or have been diagnosed with an AUD (Lönnroth et al. 2008; Samokhvalov et al. 2010c ). In addition, alcohol consumption is associated with poorer outcomes from infectious disease for heavy drinkers by way of social factors. Thus, people with alcohol dependence often are stigmatized and have a higher chance of becoming unemployed and destitute; as a result, they tend to live in more crowded quarters with higher chances for infection and lower chances of recovery (Lönnroth et al. 2009) .
The relationship between alcohol consumption and HIV infection and acquired immunodeficiency syndrome (AIDS) is different from that with other infectious diseases. To become infected with HIV, people must exchange body fluids, in most cases either by injecting drugs with a con taminated needle or, more commonly in lowincome societies, engaging in unsafe sex. Thus, although significant associations exist between alcohol use, especially heavy drinking, and HIV infection via alcohol's general effects on the immune system (Baliunas et al. 2010; Kalichman et al. 2007; Shuper et al. 2009 Shuper et al. , 2010 , it cannot be excluded that other variables, including personality characteristics, psychiatric disorders, and situational factors may be responsible for both risky drinking and unsafe sex . Researchers frequently have pointed out that personality characteristics, such as a propensity for risktaking, sensationseeking, and sexual compulsivity, may be involved in the risk of HIV infection. Indeed, a recent consensus meeting deter mined that there is not yet sufficient evidence to conclude that alcohol has a causal impact on HIV infection ). However, it can be argued that experimental studies in which alcohol consumption led to a greater inclination to engage in unsafe sex indicate that some causal relationship between alcohol and HIV infection exists (e.g., George et al. 2009; Norris et al. 2009 ).
Once a person is infected with HIV, alcohol clearly has a detrimental impact on the course of the disease, especially by interfering with effective antiretroviral treatment (Pandrea et al. 2010) . A recent metaanalysis found that problem drinking-defined as meeting the National Institute on Alcohol Abuse and Alcoholism (NIAAA)'s criteria for atrisk drinking or having an AUD-was associated with being less than half as likely to adhere to antiretroviral treatment guidelines (Hendershot et al. 2009 ). Because the level of adherence to the treatment regimen affects treatment success as well as outright survival, alcohol consumption clearly is associ ated with negative outcomes for people living with HIV and AIDS.
Cancer
Recently, the Monograph Working Group of the International Agency for Research on Cancer concluded that there was sufficient evidence for the carcinogenicity of alcohol in animals and classified alcoholic beverages as carcinogenic to humans (Baan et al. 2007 ). In particular, the group con firmed, or newly established, the causal link between alcohol consumption and cancer of the oral cavity, pharynx, lar ynx, esophagus, liver, colorectum, and female breast. For stomach and lung cancer, carcinogenicity was judged as possible but not established. For all sites where alcohol's causal role in cancer is established, there is evidence of a doseresponse relationship, with relative risk rising linearly with an increasing volume of alcohol consumption (Corrao et al. 2004) .
The molecular and biochemical mechanisms by which chronic alcohol consumption leads to the development of cancers of various organs are not fully understood. It has been suggested that these mechanisms differ by target organ and include variations (i.e., polymorphisms) in genes encoding enzymes responsible for ethanol metabolism (e.g., alcohol dehydroge nase, aldehyde dehydrogenase, and cytochrome P450 2E1), increased estrogen concentrations, and changes in folate metabolism and DNA repair (Boffetta and Hashibe 2006; Seitz and Becker 2007) . In addition, the International Agency for Research on Cancer group concluded that acetaldehyde-which is produced when the body breaks down (i.e., metabolizes) beverage alcohol (i.e., ethanol) but also is ingested as a component of alcoholic beveragesitself is carcinogenic. It likely plays an important role in the development of cancers of the digestive tract, especially those of the upper digestive tract (Lachenmeier et al. 2009; Seitz and Becker 2007) .
Diabetes
The relationship between alcohol con sumption and diabetes is complex. A curvilinear relationship exists between the average volume of alcohol con sumption and the inception of diabetes )-that is, lower alcohol consumption levels have a pro tective effect, whereas higher consump tion is associated with an increased risk. The greatest protective effect has been found with a consumption of about two standard drinks (28 grams of pure alcohol) per day, and a net detrimental effect has been found starting at about four standard drinks (50 to 60 grams of pure alcohol) per day.
Neuropsychiatric Disorders
With respect to neuropsychiatric disor ders, alcohol consumption has by far the greatest impact on risk for alcohol dependence. However, alcohol also has been associated with basically all mental disorders (e.g., Kessler et al. 1997) , although the causality of these associa tions is not clear. Thus, mental disor ders may be caused by AUDs or alcohol use, AUDs may be caused by other mental disorders, or third variables may be causing both AUDs and other mental disorders. This complex relationship makes it difficult to determine the frac tion of mental disorders actually caused by alcohol consumption (see Grant et al. 2009 ).
The relationship between alcohol and epilepsy is much clearer. There is substantial evidence that alcohol consumption can cause unprovoked seizures, and researchers have identi fied plausible biological pathways that may underlie this relationship (Samokhvalov et al. 2010a ). Most of the relevant studies found that a high percentage of heavy alcohol users with epilepsy meet the criteria of alcohol dependence.
Cardiovascular Diseases
The overall effect of alcohol consump tion on the global cardiovascular dis ease burden is detrimental (see table 2). Cardiovascular disease is a general cate gory that includes several specific con ditions, and alcohol's impact differs for the different conditions. For example, the effect of alcohol consumption on hypertension is almost entirely detri mental, with a doseresponse relation ship that shows a linear increase of the relative risk with increasing consump tion ). A similar doseresponse relationship exists between alcohol consumption and the incidence of atrial fibrillation 4 (Samokhvalov et al. 2010b ). On the other hand, for heart disease caused by reduced blood supply to the heart (i.e., ischemic heart disease), the association with alcohol consumption is represented by a Jshaped curve (Corrao et al. 2000) , with regular light drinking showing some protective effects. Irregular heavy drinking occa sions, however, can nullify any protec tive effect. In a recent systematic review and metaanalysis comparing the effects of different drinking patterns in people with an overall consumption of less than 60 grams of pure alcohol per day, Roerecke and Rehm (2010) found that consumption of 60 grams of pure alcohol on one occasion at least once a month eliminated any protective effect of alcohol consumption on mortality. The authors concluded that the cardio protective effect of moderate alcohol consumption disappears when light to moderate drinking is mixed with irreg ular heavydrinking occasions. These epidemiological results are consistent with the findings of biological studies that-based on alcohol's effects on blood lipids and blood clotting-also predict beneficial effects of regular moderate drinking but detrimental effects of irregular heavy drinking (Puddey et al. 1999; Rehm et al. 2003) .
The effects of alcohol consumption on ischemic stroke 5 are similar to those on ischemic heart disease, both in terms of the risk curve and in terms of biological pathways (Patra et al. 2010; Rehm et al. 2010a ). On the other hand, alcohol consumption mainly has detrimental effects on the risk for hemorrhagic stroke, which are mediated at least in part by alcohol's impact on hypertension.
Overall, the effects of alcohol con sumption on cardiovascular disease are detrimental in all societies with large proportions of heavydrinking occasions, which is true for most soci eties globally (Rehm et al. 2003a ). This conclusion also is supported by ecological analyses or natural experiments. For example, studies in Lithuania (Chenet et al. 2001) found that cardiovascular deaths increased on weekends, when heavy drinking is more common. Also, when overall consumption was reduced in the for mer Soviet Union (a country with a high proportion of heavydrinking occasions) between 1984 and 1994, 4 Atrial fibrillation is an abnormal heart rhythm involving the two upper chambers (i.e., atria) of the heart. 5 A stroke is the disruption of normal blood flow to a brain region. In the case of an ischemic stroke, this is caused by blockage of a blood vessel that prevents the blood from reaching neighboring brain areas. In the case of a hemorrhagic stroke, rupture of a blood vessel and bleeding into the brain occurs, which prevents normal blood supply to other brain regions.
the death rate from cardiovascular disease declined, indicating that alcohol consumption had an overall detri mental effect on this disease category (Leon et al. 1997 ).
Diseases of the Liver and Pancreas
Alcohol consumption has marked and specific effects on the liver and pan creas, as evidenced by the existence of disease categories such as alcoholic liver disease, alcoholic liver cirrhosis, and alcoholinduced acute or chronic pan creatitis. For these disease categories, the doseresponse functions for relative risk are close to exponential Rehm et al. 2010b) , although the risks associated with light to mod erate drinking (i.e., up to 24 grams of pure alcohol per day) are not necessar ily different from the risks associated with abstention. Thus, the incidence of diseases of the liver and pancreas is associated primarily with heavy drinking.
It is important to note that given the same amount of drinking, the increase in the risk for mortality from these diseases is greater than the increase in risk for morbidity, especially at lower levels of consump tion. This finding suggests that con tinued alcohol consumption, even in * Numbers are rounded to the nearest thousand. Zero (0) indicates that fewer than 500 alcoholattributable DALYs in the disease category.
SOURCE: Rehm et al. 2009a,b. low doses, after the onset of liver or pancreas disease, increases the risk of severe consequences.
Unintentional Injuries
The link between alcohol and almost all kinds of unintentional injuries has long been established. It depends on the blood alcohol concentration (BAC) and shows an exponential doseresponse relationship . Alcohol affects psychomotor abilities, with a threshold dose for negative effects gen erally found at BACs of approximately 0.04 to 0.05 percent (which typically are achieved after consuming two to three drinks in an hour); accordingly, injury resulting from alcohol's disrup tion of psychomotor function could occur in people with BACs at this level (Eckardt et al. 1998 ). However, the epidemiological literature shows that even at lower BACs, injury risk is increased compared with no alcohol consumption ). The acute effects of alcohol con sumption on injury risk are mediated by how regularly the individual drinks. People who drink less frequently are more likely to be injured or to injure others at a given BAC compared with regular drinkers, presumably because of less tolerance (Gmel et al. 2010 ). This correlation was demonstrated with respect to traffic injuries in a reanalysis (Hurst et al. 1994 ) of a classic study conducted in Grand Rapids, Michigan (Borkenstein et al. 1974 ). It also is important to realize that even if the absolute risk for injury may be relatively small for each occa sion of moderate drinking (defined as drinking up 36 grams pure alcohol in one sitting), the lifetime risks from such drinking occasions sums up to a considerable risk for those who often drink at such a level (Taylor et al. 2008) .
Intentional Injuries
Alcohol consumption is linked not only to unintentional but also to inten tional injury. Both average volume of alcohol consumption and the level of drinking before the event have been shown to affect suicide risk (Borges and Loera 2010) . There also is a clear link between alcohol consumption and aggression, including, but not limited to, homicides (Rehm et al. 2003b) . Several causal pathways have been identified that play a role in this link, including biological pathways acting via alcohol's effect on receptors for the brain signal ing molecules (i.e., neurotransmitters) serotonin and γaminobutyric acid or via alcohol's effects on cognitive func tioning (Rehm et al. 2003b) . Cultural factors that are related to both differ ences in drinking patterns and beliefs and expectations about the effects of alcohol also influence the relationship between drinking and aggression (Bushman and Cooper 1990; Graham 2003; Leonard 2005; Room and Rossow 2001) .
Implications of Alcohol Related Risks for Drinking Guidelines
Overall, the various risks associated with alcohol use at various levels can be combined to derive lowrisk drinking guidelines. Such analyses found that overall, any increase in drinking beyond one standard drink on average per day is associated with an increased net risk for morbidity and mortality in high income countries . Moreover, at any given consumption level this risk increase is larger for women than for men. NIAAA has translated the epidemiological findings into low risk drinking limits of no more than 14 standard drinks per week for men and 7 standard drinks per week for women (NIAAA 2010) . These guidelines also specify that to limit the risk of acute consequences, daily consumption should not exceed four standard drinks for men and three for women (NIAAA 2010) .
Overall Global Impact of Alcohol Consumption on Burden of Disease
The most recent systematic overview on the effects of alcohol on global bur den of disease was based on data for the year 2004 (Rehm et al. 2009a, b) (see table 2 ). The analyses found that although AUDs (which constitute the major part of the neuropsychiatric dis orders listed in the table) clearly are important contributors to global bur den of disease, they only account for less than onethird of the overall impact of alcohol consumption. Almost equally important are the acute effects of alcohol consumption on the risk of both unintentional and intentional injury. In addition, alcohol has a sizable effect on the burden of disease associ ated with infectious diseases, cancer, cardiovascular disease, and liver cirrhosis. However, alcohol consumption also has beneficial effects on the burden of disease, mainly on diabetes and the ischemic disease subcategory of cardiovascular diseases. Yet these effects are by far outweighed by the detrimental conse quences of alcohol consumption.
Effects of Alcohol on People Other Than the Drinker
So far, the discussion has centered on alcohol's effects on health as measured by indicators that primarily are based on the records of hospitals and health systems. Reflecting the information contained in those records, most of the effects considered refer to the health of the drinker. However, this analytic approach omits two large classes of adverse consequences of alcohol: social harm to the drinker and social and health harms to others that result from the drinker's alcohol consump tion. According to the Constitution of the WHO (WHO 1946) , health is "a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity" (p. 100); this definition therefore takes into account not just physical and mental harms but also social harms, both for the drinker and for others.
A few examples of harm to others are included in the analysis of alcohol's contribution to the global burden of disease listed in table 2. These include perinatal conditions attributable to the mother's drinking during pregnancy and injuries, particularly assault injuries.
However, the scope of alcoholrelated social harm and of harm to others stretches well beyond these items. Thus, a recent study in Australia (Laslett et al. 2010 ) identified the following harms to others associated with drinking:
• Harms identified based on recordsthese included deaths and hospital izations (e.g., attributed to traffic injuries because of driving under the influence), child abuse or neglect cases involving a caregiver's drinking, and domestic and other assaults; and
• Harms based on survey reportsthese included negative effects on coworkers, household members, other relatives and friends, strangers, and on the community as a whole.
These effects were quite prevalent. Thus, the researchers estimated that within 1 year, more than 350 deaths were attributed to drinking by others, and more than 10 million Australians (or 70 percent of all adults) were neg atively affected by a stranger's drink ing (Laslett et al. 2010 ).
Social Harm
Drinkers also experience a range of social harms because of their own drinking, including family disruption, problems at the workplace (including unemployment), criminal convictions, and financial problems (Casswell and Thamarangsi 2009; Klingemann and Gmel 2001) . Unfortunately, assess ment of these problems is much less standardized than assessment of health problems, and many of these harms are not reported continuously. Socialcost studies provide irregular updates of alcoholattributable consequences in selected countries (for an overview, see Rehm et al. 2009b; Thavorncharoensap et al. 2009 ). These studies regularly find that health care costs comprise only a small portion of the overall costs associated with alcohol use and that most of the alcoholassociated costs are attributable to productivity losses. In total, the costs associated with alcohol use seem to amount to 1 to 3 percent of the gross domestic product in high income countries; the alcoholassociated costs in South Korea and Thailand, the only two midincome countries for which similar studies are available, were at about the same level.
Conclusions
As this review has shown, alcohol use is associated with tremendous costs to the drinker, those around him or her, and society as a whole. These costs result from the increased health risks (both physical and mental) associated with alcohol consumption as well as from the social harms caused by alcohol. To reduce alcohol's impact on the burden of disease as well as on other social, legal, and monetary costs, it therefore is imperative to develop effective inter ventions that can prevent or delay initi ation of drinking among those who do not drink, particularly adolescents, and limit consumption to lowrisk drinking levels among those who do consume alcohol. The remaining articles in this journal issue present several such inter vention approaches that are being implemented and evaluated in a variety of settings and/or are targeted at differ ent population subgroups. Together with alcoholrelated prevention policies, the implementation of specific inter ventions with proven effectiveness can help reduce the pain and suffering, and the associated costs, resulting from excessive alcohol use. ■
